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Using layer hens, Gallus gallus domesticus, we compared the digestive capabilities of 16 birds on a low fibre diet (LF, 8.49% neutral-detergent fibre; NDF), with those fed a 17 high-fibre diet balanced for energy and protein to match the LF diet (high fibre balanced, 18 HFB; NDF = 15.61%), and those fed a high fibre, unbalanced (HFU) diet (NDF = 19 16.68%). The HFU diet had the lowest apparent dry matter (DM) metabolisability at 20
58.14 ± 6.46%, followed by HFB, 65.87 ± 3.50, and the LF diet, 70.49 ± 7.07%. Despite 21 significant differences between apparent DM metabolisabilities of LF and HFU diets, no 22 morphometric changes in the gastrointestinal tract (GIT) of layer hens were observed 23 (including: crop, gizzard, proventriculus, liver, large intestine, paired caeca and small 24 intestine). Conversely, body mass losses were recorded for animals on HFU diet, while 25 those on the LF and HFB diets actually gained body mass over the 14-day trials. We 26 suggest that the body mass losses seen in the animals fed HFU diets were attributed to 27 losses in adipose tissue, but this was not quantified. Assuming body mass losses were 28 mainly adipose tissue, we propose that adipose may act to buffer environmental 29 challenges like shortfalls in nutrient acquisition when dietary energy requirements are 30 not met. Compared with smaller birds (e.g. quail), the larger body size of the layer hens, 31 may offer them a greater safety margin in terms of body energy reserves before changes 32 in the GIT might be needed to redress energy deficits associated with hard-to-digest, 33 high fibre diets. 34
Introduction 44
Organisms face various challenges in environmental conditions and internal 45 physiological demands. Some of these challenges may include seasonal fluctuations in 46 food availability and nutrient composition (quality), increased energetic demands during 47 placed on an animal's gastrointestinal tract (GIT). Changes in the size (e.g. mass, length) 70 of GIT organs is one way animals can respond to these fluctuating internal and external 71 conditions, a prime example of phenotypic plasticity (Piersma and Lindström, 1997 ; 72 Starck, 1999a, b; Starck and Rahmaan, 2003) . Such plasticity has been described in 73 various mammals, reptiles, amphibians and birds (Piersma and Lindström, 1997; Starck, 74 1999a, b; Starck and Rahmaan, 2003) . In respect to avian species, transformations have 75 been observed in gross morphometry, such as gizzard size and mass, intestinal length 76 and circumference, and at a cellular level, changes in the dynamics of cellular turnover, 77 cell size and cell proliferation (Starck, 1996 However, it is difficult to assess which dietary factors may induce morphometric 85 changes in the avian digestive system from these studies: high fibre or low nutrient 86 density? As such, our study used diets based upon similar ingredients and of similar 87 chemical compositions, with two high fibre diets of fixed dietary fibre contents (wheat 88 bran) and compared with a standard low fibre (LF) layer diet. To account for the effects 89 of dilution via the increased fibre content, one diet of the high fibre diets was balanced, 90 using corn oil, with energy and protein to match the LF diet. To further examine the 91 possible functional trade-offs associated with gut flexibility (e.g. bigger gut = bigger(egg mass and number). 95
Materials and methods 97
Housing Australia), birds were treated again upon introduction to individual housing and then 110 treated fortnightly henceforth. During the acclimation period, birds were housed in 111 groups for two weeks to allow birds to habituate to captive conditions; a further ten days 112 were used to acclimatise birds to individual housing and adjust to the control and 113 experimental diets (see Diet Composition and Feeding Trials). Throughout the 114 experimental period, birds were individually housed in standardised stainless steel mesh 115 cages (0.6 m wide x 0.6 m deep x 0.5 m high) equipped with collection trays lined with 116 waxed paper for excreta collection. Each cage was equipped with plastic self feeders for 117 food and water; throughout the entire study food and water were offered ad libitum. 
Dissections and Morphometry 156
Animals were euthanased using isofluorane overdose followed by cervical dislocation. 157
Immediately following euthanasia, macroscopic dissections and measurements of organ 158 size were conducted to study morphometric differences between control and 159 experimental groups. Organs (liver, crop, proventriculus, gizzard, small intestine, left 160 and right caeca and large intestine) were weighed using scales with ±0.01 g precision, 161
and measured using slide callipers with ±0.05 mm precision. Wet mass, with and without 162 digesta contents were recorded, organs were emptied and rinsed with a 0.9 % saline 163 solution and re-weighed. Organs then were air dried in an oven at 70°C until a constant 164 weight to determine dry masses. To test for differences between feed intake in the acclimation and experimental periods, 212 measured as a significant increase or decrease of intake for each diet, firstly a two tailed 213 Z test was used, with an expected mean of 84.3 g day -1 (the mean food intake of all 214 individuals in the acclimation period). Once determined significantly different, an 215 were any significant differences between feed intake in the initial and final stages of the 219 experimental period. 220
221
To investigate the effects of diet on body condition, an analysis of variance (ANCOVA) 222 with body mass as a covariate was used. To evaluate the difference of body mass from 223 the initial body mass, measured as a significant loss or gain of body masses for animals 224 on each diet, firstly was examined using a two tailed Z-test, with an expected mean of 225 0.00 kg (i.e., no change in body mass). Once determined significantly different, an 226 ANOVA was run to evaluate the effects of diet on weight difference. 227
228
To meet assumptions of ANCOVA, normality was tested using Shapiro Wilks test (α= 229 0.05) and Levene's for homogeneity of variance (α= 0.05). To meet normality and/or 230 homogenous variance, log 10 transformations were used on the following data sets: Small 231
Intestine empty wet mass (g) and dry matter intake during acclimation period (g day -1 ); 232
Arc Sine transformation was used on apparent metabolisability (Zar, 1999 ) and a log 233 transformation used on the Proventriculus dry mass. To achieve normality for data 234 investigating egg production, one individual was omitted because it did not lay 235 throughout the entire experiment. Left and right caeca empty wet and dry masses (g) 236 were combined to account for an observed deviation in caecal morphogenesis observed 237 in one bird (S.K. Courtney Jones, unpublished), combined caecal empty wet mass was 238 noted to achieve normality and homogeneity of variance. However, normality for 239 combined caecal dry mass was not met, it was assumed the robustness of the ANCOVA 240 would suffice. Significant differences that were detected by the ANCOVA were further 241 5.96; p= 0.005; body mass was not significant as covariate; see Table 2 ). In contrast, the 260 mean body mass of birds on the high fibre unbalanced (HFU) had significantly declined 261 from the initial body mass by the concluding day of the experimental period, mean body 262 mass loss was 0.08 ± 0.08 kg, significantly different from a change of zero (z= -2.479, 263 p= 0.015; see Table 2 ) and was significantly different from the LF and HFB diets 264 (ANCOVA with body mass as covariate; d.f.= 2, 17; F= 5.96; p= 0.005; body mass was 265 not significant as covariate; see Table 2 ). 266 p= 0.189; HFB: z= 0.295, p= 0.76; HFU: z= 0.593, p> 0.05; see Table 1 ). Furthermore, 272 the diet composition of control and experimental diets did not significantly affect DM 273 feed intake per day, during the experimental period (ANCOVA with body mass as 274 covariate; d.f. = 2, 17; F= 3.90; p= 0.713; body mass was not significant as covariate; see 275 Table 2 ). From the initial feed intake during the experimental period, birds on the LF and 276 HFB diets decreased their final DM feed intake by 13.44 ± 27.08 and 11.43 ± 15.83 277 grams respectively; in contrast, birds on the HFU diet increased their DM feed intake by 278 3.57 ± 24.24 grams, however due to high inter-individual variability during the 279 experimental period, the changes in DM feed intake were not statistically significant 280 
Apparent Metabolisability and Energy Metabolisability 285
Apparent metabolisability (%) of the dietary dry matter (DM) was calculated at 70.49 ± 286 7.07, 65.87 ± 3.50 and 57.14 ± 6.46 % for LF, HFB and HFU respectively; a statistical 287 difference occurred only between the LF and HFU apparent metabolisabilities with HFU 288 approximately 17.5% lower than the LF diet (ANCOVA with body mass as covariate; 289 d.f.= 2, 17; F= 5.472; p= 0.021; body mass was not significant as covariate; see Table 2 ). 290
Energy metabolisability (%) of the HFU diet was significantly lower than that of the LF 291 or HFB diet, with HFU approximately 13% lower than the LF diet (ANCOVA with body 292 mass as covariate; d.f.= 2, 17; F= 5.907; p= 0.0164; body mass was not significant as 293 covariate; see Table 2) . was not significant as a covariate; see Table 3 and 4 for F and P values). Furthermore, 307 left caeca, right caeca and small intestine lengths did not significantly differ between 308 experimental groups (ANCOVA with body mass as covariate; d.f.= 2, 17; body mass 309 was not significant as a covariate; see Table 3 
for F and P values). 310 311

Egg Production 312
Diet composition and fibre content did not have a significant effect on the egg mass, as 313 eggs produced by G. gallus domesticus on the control and experimental diets had a mean 314 egg mass of 64.63 ± 1.73, 64.45 ± 4.71 and 64.38 ± 4.74 g throughout the experimental 315 period (LF, HFB and HFU diets respectively; ANCOVA with body mass as covariate; 316 d.f.= 2, 16; F= 4.098; p= 0.832; body mass was not significant as covariate; n= 17; see 317 Table 5 ). Number of eggs produced was not significantly different between diet groups 318 with a mean 10.17 ± 1.17, 9.8 ± 1.92 and 8.50 ± 2.88 eggs produced throughout the species in response to variations in diet fibre content (Starck, 1999a, b) . However, we 333 found no effect of high fibre contents on the gut morphometry of layer hens (Table 3 and 334 4). We also observed no statistically significant differences in mean DM or energy intake 335 or egg production of hens in response to high fibre diets (HFU or HFB) compared with 336 those offered LF diets. This was unexpected, but raises interesting questions regarding 337 the role of body size, and specifically body reserves in birds, and whether these reserves 338 may be preferentially utilised in favour of major gut re-modelling to manage poor-339 quality diets. 340 (Tables 1 and  355 2), but phenotypic changes in the gut were not used to redress this energy deficit and, 356 presumably, some other compromise in the hens energy budget had occurred. This 357 suggestion is supported when examining our apparent metabolisability data along with 358 the body mass losses observed for the hens offered HFU diets. Large deposits of intra-359 abdominal fat surrounded the gastrointestinal tract of all hens across all diet treatments, 360 and this may have supported hens fed HFU diets during the feeding trial (Table 2) . For 361 example, if we assume that the body mass losses observed for our hens offered HFU 362 diets was entirely comprised of body fat (average losses = 80 g over 14 days; Table 2 ) 363 and that fat contains 38 kJ g -1 (Wither, 1992 ), a total 3,040 kJ could have been recovered 364 (assuming a 100% conversion efficiency). Given that the total energy deficit of the hens 365 offered HFU diet over 14 days was 3,243 kJ relative to hens offered the LF diet, it is 366 apparent that their body reserves could have supported egg productivity throughout; egg 367 production was no different between the hens offered low or high fibre diets (Table 5) Table 2 for F-and P-values 524
Post-hoc test (ANOVA, Tukey's HSD) for differences among means; means labelled 525 with differing letters are significantly different. 526 2 -Probability values of the overall effect of diet with body mass as covariate. 3 -Not statistically analysed, used to determine DM intake difference within experimental period. 4 -Z scores given, see Body Condition and Food Intake section in Results. 5 -Not statistically analysed, used to determine body mass difference within experimental period. Post-hoc test (ANOVA, Tukey's HSD) for differences among means; means labeled with differing letters are significantly different. 
